Quantitative profiling of total phenolic content (TPC) and antioxidant activity (AOA) in seeds, sprouts, and grasses of corn (Zea mays L.), wheat (Triticum aestivum L.), and barley (Hordeum vulgare L.) were performed. TPC and AOA were strongly correlated and increased with days. Grasses between 10 and 13 days showed the highest TPCs and AOA. The AOA in sprouts and grasses were a fifth and two-thirds of ascorbic acid (AA) standard, respectively, which are higher than in several popular natural antioxidants. Further cell-based studies or in vivo studies could be considered in future to draw more valuable information related to human health.
Introduction
Cereal grains are the storage organ that comprise proteins, carbohydrates, vitamins, minerals, and oils required for metabolic activity during growth and development of a new plant. [1] The nutritional property of whole grains is largely enhanced during germination and sprouting. [1, 2] Recently, sprouts and grasses of cereals have received growing attention as functional foods because of their health-promoting factors and high nutritive values including amino acid, fiber, trace elements, vitamins, flavonoids, and phenolic acids. [3] [4] [5] [6] [7] Cereal grasses (1-2 weeks of age), also called as microgreens [8] , are increasingly being used as natural health supplements in the form of fresh produce, tablets, frozen juice, and powder. [4] [5] [6] Phenolic compounds are secondary metabolites generated naturally during steeping and sprouting. [9, 10] These are further synthesized during normal growth and development [8, 10] as well as in response to mild stress conditions like sub-or supra-optimal radiation, salinity, water potential, minerals, and heavy metals. [10, 11] Phenolic compounds have antioxidant properties such as reactive oxygen species scavenging and inhibition, electrophile scavenging, and metal chelation. [12, 13] Phenolic hydroxyl groups are good hydrogen donors and can react with oxygen and nitrogen species of organic radicals. The reaction forms stable radicals delaying or disrupting the oxidation of organic radicals. [14] Due to their antioxidative properties, phenolic compounds are beneficial against diabetes, cardiovascular, and neurodegenerative diseases, mutagenesis and carcinogenesis. [11, [15] [16] [17] Phenolic compounds in seeds, sprouts, and grasses of various cereals and legumes have been widely studied. [2, 5, 7, 12, 18, 19] A number of studies report total phenolic contents (TPC) and antioxidant activities (AOA) in sprouts and grasses at specific days [4, 8, 18] or heights of plants. [3, 6] Quantitative time series profiling of TPC and AOA in sprouts and grasses of cereals is lacking. In addition, most of these studies have quantified TPC and AOA based on extracts [6, 18] , fresh weight basis [2, 8, 10] , or juices. [3, 13] A major limitation of these approaches is the difficulty in quantifying TPC in the product dry matter. Dry matter content can vary with sprouting and germination conditions, like light, temperature, and humidity [7] , and water, salt, and mineral stresses. [2, 5, 8, 19] Quantification on dry matter is important for assessment and comparison of the nutritional content in different products especially when the moisture contents are different.
In this study, quantitative profiling of TPC and AOA were performed in seeds of corn, wheat, and barley, sprouts of corn and wheat, and grasses of wheat and barley. First, the levels of TPC and AOA were determined and compared among seeds, sprouts, and grasses. Unlike previous studies, TPC levels were estimated on a dry matter basis. To find optimal harvest time for maximal TPC and AOA, the change in TPC and AOA levels of sprouts and grasses were studied with the number of days. Finally, the correlation between TPC and AOA in sprouts and grasses with number of days was analyzed.
Materials and methods

Reagents
All reagents were of analytical grade. DPPH (Sigma-Aldrich Company, Germany), Folin-Ciocalteau (F-C) reagent (Finar Limited, India), Gallic acid (LOBA Chemie, India), Ascorbic acid (AA) (Fisher Scientific, India) and Methanol (Fisher Scientific, India) were used.
Sprouting and germination
Seed grade corn, wheat, and barley kernels were obtained from Food Research Division, Nepal Agriculture Research Council. The grains were washed in tap water, soaked for 24 h in ambient temperature and the remaining water was drained. For sprouts, the soaked grains were cultivated in dark by placing them between wet woven cotton clothes. For continuous moistening, additional wet woven cotton clothes were placed over them twice every day. The whole seedling was collected for analysis on 4, 7, and 10 days. The sprouts of wheat on day 10 were discarded because of mold growth.
To grow grass, homogenous mixture of soil was prepared by thorough mixing. The soil was filled in trays to the thickness of 8 cm. The soaked grains were spread on soil surface and were covered by another 1 cm layer of the same soil. Adequate water was added daily so that the soil remained moist but not wet. Sprouting and germination were carried out in an uncontrolled temperature (average 19°C) and relative humidity (average 66%). The room was subject to diurnal cycle with fluctuations of temperature, humidity, and light. The grasses were grown in the laboratory with daylight but no direct sunlight, for better growth. [7] To evaluate the reproducibility of results, the study was carried out in two blocks with a gap of 16 days between the blocks.
Preparation of sample extract
Sample extraction was carried out as described by Stankovic [20] with some modifications. Briefly, 5 g samples were macerated for approximately 10 min using pestle and mortar, and 10% (weight/ volume) extracts were prepared with 95% methanol. After 24 h of shaking in water bath at room temperature, the extract was filtered through Whatman No.1 filter paper. The filtrate was then concentrated to dryness using rotary evaporator at 40°C. The dried extracts were dissolved with 95% methanol as a stock solution to make 50 ml and stored at 4 ± 2°C. From the stock solution, working solutions of different concentrations were prepared.
Determination of TPC
TPC was determined by using F-C reagent spectrophotometrically as described before. [20, 21] The methanolic extract at the sample size of 0.5 ml was mixed with 2.5 ml of 10% F-C reagent. After 5 min, 2.5 ml of sodium carbonate (7.5%, w/v) was added, mixed and incubated at 45°C for 45 min. The absorbance was measured using spectrophotometer at 765 nm against the blank solution containing 0.5 ml 95% methanol, 2.5 ml 10% F-C reagent and 2.5 ml 7.5% of sodium carbonate. Each sample was measured five times. TPC was calculated from a calibrated curve (R 2 = 0.991), using gallic acid as standard (0.001-0.006 mg/ml).
DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay
Free radical scavenging activity of the extracts was measured in vitro by DPPH assay as described before [22] with some modifications. Ninety-five percent methanol was used throughout the experiment and the volume ratio of sample and DPPH solution of 0.004% (w/v) was 1:10. The absorbance was measured by using spectrophotometer at 517 nm. For comparison, AA was used as a standard. The free radical scavenging activity was calculated using the equation:
where Abs blank is the absorbance of sample solution without extract and Abs sample is the absorbance with different dilutions of standard and plant extract. IC50 value is the concentration of the sample required to scavenge 50% of DPPH free radical. It was calculated from the non-linear regression analysis of DPPH radical scavenging activity against various concentrations of samples. [18] The IC50 values were expressed as mg sample (DM)/ml of DPPH solution.
Statistical analysis
The data were analyzed by one-way analysis of variance (ANOVA) and sample means were compared by Tukey's test. P-values less than 0.05 were considered significant in all cases. Linear and quadratic lines of fit (R 2 ) were used for the graphical expression of the results. Pearson's correlation coefficient (R) was used to study the correlation. The JMP Pro 13, SAS Institute Inc., software was used for statistical analysis.
Results and discussion
Quantitative profiling of TPCs and AOA in seeds of corn, wheat, and barley, sprouts of corn and wheat, and grasses of wheat and barley on dry matter basis were performed from the methanolic extract. The methanolic extracts were prepared from macerated samples obtained from seeds, sprouts, and grasses after filtering through Whatman No.1 filter paper. The study was performed in two blocks at a difference of 16 days between the two blocks. TPCs and AOA were highly correlated between two blocks (R = 0.997, p < 0.05 for TPCs and R = 0.996, p < 0.05 for AOA) as shown in Figure 1 . The linear line of fits (R 2 ) for TPCs and AOA were 0.995 and 0.992, respectively.
TPC quantification in seeds, sprouts, and grasses
TPCs were lowest in seeds (98.45, 109.06, and 127.40 mg/100 g DM in corn, wheat, and barley, respectively) ( Figure 2a ). These TPC levels are consistent with previous studies in corn [23, 24] , wheat [19, 24, 25] , and barley [24, 26] seeds. Figure 2a shows TPC levels in seeds and the sprouts and grasses at different days. TPC levels are slightly higher in sprouts, and highest in grasses, consistent with previous findings. [5, 6, 8] TPC in sprouts is significantly affected by the number of days of growth (p < 0.05). The linear line of fit for TPC with days of sprouting was 0.94 (R 2 ) for corn and 0.98 (R 2 ) for wheat sprouts (Figure 3a) . The TPCs in wheat sprouts are comparable to those reported on fresh matter by Zilic et al. [27] In corn, however, TPCs were lower than previously reported (sprouting at 35°C). [10] Low TPC may be due to the reduced rate of germination at our experimental temperature (average 19°C).
In grasses, TPCs increased with the number of days and reached a maximum between days 10 −13 and decreased thereafter (Figure 3b ). The trend was characterized by a strong quadratic relation for both wheat (quadratic line of fit, R 2 = 0.92) and barley (quadratic line of fit, R 2 = 0.96). The maximum TPC in wheat and barley were 1290.51 ± 56.45 and 1325.50 ± 58.14 mg GAE/100 g DM, respectively. The decrease in TPC after the maxima was significant in both wheat and barley (p < 0.05). Extensive TPC profiling of grasses grown in daylight has not been studied previously. Previous studies of TPC levels in grasses grown in sunlight showed that TPCs in barley grass reached a maximum level later than wheatgrass [2, 28, 29] as observed in this study in daylight conditions. Nutrient levels in grasses are maximum at jointing stage [4, 30] and decrease with the development of non-phenolic structural components like cellulose and hemicellulose in leaves, leaf veins, stems, and nodes. [30] Further, phenolic compounds are also involved in strengthening plant cell walls by polymerization and cross-linking into lignans and lignins [11, 31] making phenolic compounds bound and less extractible with organic solvents. [32] TPC levels measured in this study are likely underestimates because only TPCs extractible with the organic solvent (methanol) using F-C reagent were measured. In addition, certain phenolics such as chlorogenic acid, pseudohypericin, hyperforin, and isoquercetin could have degraded during evaporation at 40°C. [33] A 10% decrease in TPCs was estimated due to evaporation at 40°C for 8 h. [21] The samples were evaporated for 12 h in this study. Loss of TPCs in experimental conditions could not be estimated, but a decrease in TPCs is anticipated.
TPC comparison between corn, wheat, and barley
The TPC levels in corn, wheat, and barley were compared. The average TPCs in seeds of all three species were similar (p > 0.05), but numerically barley > wheat > corn (Figure 2a ). In wheat sprouts, the increase in TPC was significantly higher than in corn sprouts (p < 0.05). The rate of TPC increase in corn was slower as demonstrated by the lower TPC levels in day 10 corn sprouts (404.05 ± 24.16 mg GAE/100 g DM) than day 7 wheat sprouts (495.66 ± 20.49 mg GAE/100 g DM). The slower rate of TPC increase may be due to short germination time and faster rate of germination of wheat sprouts. The germination of corn does not occur below basal temperature (10°C), and the time for the germination and emergence is 84 degree days. [34] Whilst, the basal temperature and the time for germination and emergence of wheat are 4°C and 35 degree days, respectively. [35] This demonstrates a higher rate of germination of wheat compared to corn.
In grasses, TPC levels were maximum at day 10 in wheat and day 13 in barley, however, there was no significant difference in the maximum TPCs in the two species (p > 0.05). It is of note that TPCs in wheatgrasses reached the maximum earlier than barley which may be due to delayed growth of barley. Similar results were observed previously [2, 28, 29] , although in sunlight condition. Soaking the seeds before sowing may have favored the growth of wheatgrasses because the rate of water adsorption and effect of pre-sowing water treatment on germination potential is higher in wheat than in barley. [10, 12, 36] TPC in day 10 corn sprouts was higher than in sprouts of lentils [37] and amaranth [38] , comparable to mungbean sprouts [39] , and lower than the sprouts of barley [40] , wheat, and buckwheat. [38] TPC in corn sprouts was about half of sprouts of broccoli [39] and oats. [41] The TPC of corns germinated at optimum temperatures (35°C) was however comparable with broccoli [39] and oat [41] sprouts. Wheat sprouts of day 7 have TPC level comparable to barley [40] , but lower than sprouts of buckwheat [38] , oat [41] and broccoli. [39] TPCs in wheat and barley grasses were comparable to rice grasses [42] and were higher than all above-mentioned sprouts. Table 1 shows the TPC levels in sprouts and grasses of various species reported in this and previous studies.
Effects of moisture and growth rate on TPC
Availability of free water promotes metabolism, enzyme synthesis, and kernel modification during germination. [8, 12] To study the effect of moisture on TPC levels, the moisture content in sprouts and grasses were analyzed. The moisture content in sprouts varied at different days of sprouting (Figure 2b ). Significant correlations of both corn (R = 0.96, p < 0.05) and wheat (R = 0.984, p < 0.05) sprouts was observed with the moisture content of sprouts. Overall in sprouts, TPC level showed a higher correlation with moisture content (R = 0.963, p < 0.05) than with days of sprouting (R = 0.663, p < 0.05). Hence, the estimation of TPCs in sprouts in this study may have been influenced by moisture content. However, in grasses, the moisture content was consistent and had no effect on TPC levels (Figure 2b) .
To examine the relation between TPC levels and growth rate of grasses, the heights of grasses from 7 to 16 days were studied (Figure 2c ). Wheat grew faster in the beginning days and measured 2.12 cm taller than barley grasses on day 7. The growth rate of wheatgrasses dropped after day 10. On the other hand, barley continued to grow at a higher rate and became as tall as wheatgrass at day 13 and slightly taller at day 16. These results demonstrate that delayed increase in TPC levels of barley is due to a delayed growth rate.
DPPH radical scavenging activity
To analyze AOA in seeds, sprouts, and grasses, IC50 values for scavenging DPPH radical were estimated from the methanolic extracts. IC50 is defined as the amount of sample required to scavenge 50% of a given concentration of DPPH free radical. A lower IC50 indicates higher radical scavenging activity and thus higher AOA. [16] All IC50 values were compared to AA standard. The IC50 for AA was found to be 61.33 ± 1.01 mg/ml of DPPH solution. All extracts of seeds, sprouts, and grasses have a higher IC50 compared to AA and are in the order of seeds > sprouts > grasses (Figure 2d) .
IC50 values in sprouts and grasses decreased with the increase in number of days (Figure 2d ). In sprouts, IC50 showed a linear effect of number of days (p < 0.05). The linear line of fit for IC50 with days of sprouting was 0.98 (R 2 ) for corn and 0.99 (R 2 ) for wheat sprouts (Figure 3c ). In grasses, IC50 showed a quadratic effect of number of days for both wheat (quadratic line of fit, R 2 = 0.99, p < 0.05) and barley (quadratic line of fit, R 2 = 0.99, p < 0.05) (Figure 3d ). The decrease in IC50 is independent [41] Broccoli sprouts Brassica oleraceaL. var. italica 'Ramoso Calabrese' 750 Day 5, 22°C [39] Buckwheat sprout Day 4, 18°C [38] Wheat sprouts [37] Quinoa sprout Chenopodium quinoa 71.7 ± 5.5 147 ± 3.7
Day 4, 10°C [38] Amaranth sprout [38] of the type of grain (p-value > 0.05). A minimum IC50 among the sprouts was obtained in day 7 wheat sprouts (IC50 value = 289.26 ± 25.21 mg/ml DPPH), which is 4.72 times higher than in AA. The lowest IC50 was observed in day 10 wheatgrass (IC50 value = 88.82 ± 8.93 mg/ml DPPH) and day 13 barley grass (IC50 value = 103.10 ± 11.37 mg/ml DPPH) (Figure 2d ). IC50 values are 1.45 (wheat) and 1.68 (barley) times of AA. Similar findings were observed in previous studies. Wheatgrass showed highest AOA between 10 and 15 days [3] and AOA, expressed as AA equivalent determined by 2,2ʹ-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) method, of 7 day wheatgrass juice was higher than in 7 day barley grass. [13] It is of note that a lower IC50 value indicates higher AOA.
Correlation between TPC and AOA TPC and IC50 were significantly anti-correlated in both sprouts and grasses (R = −0.945, p < 0.05 in sprouts and R = −0.968, p < 0.05 in grasses) (Figure 4 ). This implies a strong positive correlation between TPC and AOA because lower IC50 means higher AOA. Correlation between TPC and AOA has been reported previously in a wide range of seeds and plants including wheat, barley, rice, oats, corn, buckwheat, peas, beans, lentils, and many other fruits and vegetables. [2, 10, 18, 42, 43] Phenolic compounds have strong AOA, and TPC is the sum of reaction potential (including radical scavenging and metal chelation) of the phenolic compounds. It is, however, not the sum of amounts of phenolic compounds due to variability in the reaction potentials of different phenolic compounds. [21] AOA, on the other hand, is the measure of the consequences of radical scavenging components (like polyphenols and other non-phenolic antioxidants). Grasses required higher TPCs than sprouts to have the same IC50. Notably, both TPC levels and IC50 values for day 7 grasses (866.37 ± 64.65 mg GAE/100 g DM and 374.89 ± 28.68 mg DM/ml DPPH) were higher than for day 7 sprouts (495.66 ± 20.49 mg GAE/100 g DM and 289.26 ± 25.2 mg DM/ml DPPH) ( Figure 4 ). This is possibly due to the higher antioxidant potential of hydrolyzed bound phenolics present in sprouts. [26, 32, 44] TPCs in sprouts are the sum of soluble phenolics in seed, bio-synthesized phenolics and hydrolyzed phenolics present as bound in the cell walls. [7, 45] 
Conclusion
This study reports, for the first time, quantitative profiling of methanol extractible TPCs and IC50 obtained from seeds, sprouts, and grasses of corn, wheat, and barley. The quantitative profiling at different days of sprouting shows the optimal harvest times for maximum TPC and AOA. In addition to replicating previous findings, this study has charted TPC and AOA levels at different number of days on a dry matter basis. AOA of sprouts and grasses were 1/5th and 2/3rd of AA standard, respectively. The sprouts and grasses are rich in phenolic compounds and antioxidant properties which might be appreciated for their health benefits. This study mainly focused on phenolic quantification, but if cellbased studies or in vivo studies could be considered in the future, more valuable information that related to human health would be collected.
